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Fenugreek (Trigonella foenum-graecum L.) is particularly used in Asia, Africa, and Mediterranean
countries for its nutritional and medicinal value. The flavone C-glycosides, apigenin 6-C-β-chinovo-
pyranosyl-8-C-β-galactopyranoside (6) and apigenin 6-C-β-xylopyranosyl-8-C-(600 0-O-(3-hydroxy-3-
methylglutaroyl)-β-glucopyranoside) (7), in addition to the known flavone C-glycosides, apigenin 6,8-
C-di-β-galactopyranoside (1), apigenin 6-C-β-xylopyranosyl-8-C-β-galactopyranoside (2), apigenin
6-C-β-arabinopyranosyl-8-C-β-galactopyranoside (3), luteolin 8-C-β-glucopyranoside (4), luteolin
6-C-β-glucopyranoside (5), apigenin 8-C-β-glucopyranoside (8), apigenin 6-C-β-glucopyranoside (9),
luteolin 8-C-(20 0-O-(E)-p-coumaroyl-β-glucopyranoside) (10), and apigenin 8-C-(20 0-O-(E)-p-coumaroyl-
β-glucopyranoside) (11) were isolated from fenugreek seeds. Compounds 1, 5, and 10 were reported
for the first time in this species. Signal duplication in the NMR spectra, with exception of spectra of the
mono-6-C-substituted compounds, revealed the presence of rotameric conformers, created by
rotational hindrance at the C (sp3)-C (sp2) glycosyl-flavone linkage in these flavone C-glycosides.
KEYWORDS: Fenugreek; Trigonella; seeds; flavone C-glycosides; rotameric conformers; chinovopyranosyl;
3-hydroxy-3-methylglutaroyl; 2D NMR
INTRODUCTION
Fenugreek is particularly used in Asia, Africa, and Medite-
rraneancountries for thenutritional andmedicinal valuesof its leaves
(herbs) and seeds (spice) (1). It has a long history as a traditional
medicinal plant used for treatment of diabetes (2). The aerial part
of the plant has been used to treat renal diseases while the seeds
have been used as a tonic and for stomach disorders (3). The seeds
are rich in polyphenolic compounds including flavonoids (4),
which have been correlated to the beneficial health effects of
fenugreek (5,6). Almost four decades ago, Adamska and Lutoms-
ki (7) isolated the C-glycosylflavones vitexin and vitexin-7-gluco-
side from fenugreek seeds in addition to two compounds, which
were tentatively identified as an arabinoside of either orientin
or iso-orientin, and an unknown diglycoside. Seshadri et al. (8)
reported acacetin 6,8-di-C-glucoside and its monoacetate from
seeds of Trigonella corniculata, and later they found the 8-C-
glucoside, the 6,8-di-C-glucoside, and the 6,8-di-C-glucoside
monoacetate of apiginin in the seeds of Trigonella corniculata L.,
in addition to apigenin 6-C-glucoside and apigenin 8-C-gluco-
side in seeds of fenugreek (9 ). At the same time, Wagner et al.
(10 ) independently reported apigenin 6-C-xyloside-8-C-
glucoside (vicenin 1) and apigenin 6,8-di-C-glucoside (vicenin 2)
in addition to apigenin 8-C-glucoside to occur in seeds of fenugreek.
In 1976, Sood et al. isolated vitexin 20 0-O-p-coumarate from the same
species (11). Kawashty et al. (12) found kaempferol 3-glucoside, ka-
empferol 7-glucoside, kaempferol 3-galactosylglucoside, kaempferol
3,7-diglucoside, kaempferol 7-diglucoside-3-p-coumaryl-glucoside,
quercetin 3-glucoside, quercetin 7-glucoside, quercetin 3-galactosyl-
glucoside, quercetin 7-diglucoside-3-p-coumarylglucoside, 7,40-dihy-
droxyflavone, 7,30,40-trihydroxyflavone, formononetin, kaempferol
andquercetin from the aerial part of eight differentTrigonella species.
Han et al. (3) has reported kaempferol 3-O-β-D-glucosyl(1f2)-β-D-
galactoside, kaempferol 3-O-β-D-glucosyl(1f2)-β-D-galactoside
7-O-β-D-glucoside, kaempferol 3-O-β-D-glucosyl(1f2)-(60 0-O-
acetyl)-β-D-galactoside 7-O-β-D-glucoside and quercetin 3-O-β-D-
glucosyl(1f2)-β-D-galactoside 7-O-β-D-glucoside from the stems
of fenugreek, while Yuldashev et al. (13) reported the presence of
biochanin A, luteolin, quercetin, and the 7-O-β-D-glucopyrano-
sides of quercetin and luteolin inTrigonella grandiflora (Fabaceae).
C-Glycosylflavones are important bioactive constituents of
some medicinal plants (14), and they demonstrate a range of bio-
logical effects including antioxidant, antifungal, and antimicro-
bial activities ((15); references therein). They contain at least one
nonhydrolyzable glycosidic unit attached to the flavone aglycone,
and the recently reported transformation of these compounds to
C-glycosylanthocyanidins (16) has the potential of overcoming
problems normally related to hydrolytic instability of the natu-
rally occurring anthocyanin-O-glycosides used as food colorants
and nutraceuticals. Fenugreek appears to be a rich source of some
C-glycosylflavoneswith restricted availability fromother sources.
In this paper, we report on the isolation and identification of two
new and nine known C-glycosylflavones isolated from seeds of
fenugreek.
MATERIALS AND METHODS
Voucher specimen of fenugreek has been deposited at the ARBOHA at
the University of Bergen (accession number H507).
*To whom correspondence should be addressed. Tel: þ47-5558-
3460. Fax: þ47-5558-9490. E-mail: oyvind.andersen@kj.uib.no.
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Isolation of Flavones. Fenugreek was cultivated in Beit Noba
(Palestine). Seeds of fenugreek (500 g) were crushed and extracted over-
night 7 timeswithportions of 2LofMeOHat 4 C.The filtered extractwas
concentrated under reduced pressure, purified by partition against diethyl
ether, and subjected to Amberlite XAD-7 column chromatography. Seven
grams of XAD-7 purified extract was subjected to an 100 10 cm Sepha-
dex LH-20 column usingMeOH-H2O/trifluoracetic acid (0.2%) contain-
ing increasing proportions of MeOH; 10% (2000 mL), 20% (1450 mL),
30% (2420 mL), 40% (4140 mL), 50% (1862 mL), 60% (3846 mL) (S6),
70% (3253 mL), 80% (2529 mL) (S8), and 85% (1616 mL) (S9). The flow
rate was 18.5mLmin-1. Compounds 7, 1, and (2, 3, and 6 inmixture) were
obtained after the elution of 303, 2341, 2841 mL of S6, respectively.
Compounds 2, 3, and 6were separated by preparativeHPLC.Compounds
8 and 9 (in mixture) were eluted directly after changing the eluent to S8.
Compounds 4 and 5 (in mixture) were eluted with S9.
Compounds 10 and 11 were isolated using a Toyopearl HW-40F
column, in which 1.6 g of the XAD-7 purified material was used. The
solvents used were water and acetonitrile (MeCN). The MeCN content in
the elution profile was as follows: 10% (v/v) for the first 15 fractions, 20%
in fractions 16-27, 30% in fractions 28-36, 40% in fractions 37-47,
followed by 60% for the last five fractions, respectively. The volume of
each fraction was 28-30 mL. Compounds 10 and 11 were isolated from
fractions 47 and 41-44, respectively. Individual compounds (3-5 mg)
were further purified by preparative HPLC.
PreparativeHPLC.PreparativeHPLC(Gilson305/306pumpequipped
with an HP-1040A photodiode array detector) was performed using an
Econosil C18 column (250 mm  22 mm; length  I.D., 10.0 μm). The
elution profile consisted of pure water for the first 5 min, MeCN/H2O
(10:90; v/v) for the next 48 min, followed by MeCN/H2O (20:80; v/v)
for additional 15 min. The flow rate was 12 mL min-1. Samples (about
10-15 mg) were dissolved in 50 mL of water and transported to and
applicated on the column using the HPLC pump.
Analytical HPLC. Analytical HPLC was performed with an ODS-
Hypersil column (20  0.5 cm, length  i.d., 5 μm) using the solvents A,
H2O containing 0.5%TFA (v/v) and B, acetonitrile containing 0.5%TFA
(v/v). The following gradientwas used: 10-15%B in 0-5min, 15-40%B
(linear gradient) from 5 to 21 min, 40% B from 21 to 23 min, 40-60%
from 23 to 29 min. The flow rate was 1.0 mL min-1.
Spectroscopy.UV-vis absorption spectrawere recorded online during
HPLC analysis using a photodiode array detector (HP 1050, Hewlett-
Packard). Spectral measurements were made over the wavelength range
240-400 nm in steps of 2 nm.
The NMR experiments (1D 1H, 2D 1H-13C HMBC, 1H-13C HSQC,
1H-1H COSY, 1H-1H TOCSY, 1H-1H ROESY, 1H-1H NOESY, and
Figure 1. HPLC profile detected at 338 ( 20 nm of fenugreek seeds
extract after subjecting it to Amberlite XAD-7 column chromatography
purification.
Table 1. Chromatographic (HPLC) and Spectral (UV and MS) Data Recorded for Compounds 1-11
[Mþ] (m/z)
peak tR (min) UV (λmax) (nm) observed calculated relative flavonoid content (%)
b
1 8.8 336, 271 595.1612 595.1663 11
2 10.2 336, 271 565.1546 565.1557 20
3 10.8 336, 271 565.1533 565.1557 4
4 11.0 349, 270, 258 449.1108 449.1084 20
5 11.4 349, 268, 257 449.1108 449.1084 7
6 11.8 337, 272 579.1703 579.1714 2
7 12.1 336, 271 709.1955 709.1980 2
8 12.7 337, 269 433.1176 433.1135 6
9 12.9 337, 271 433.1176 433.1135 8
10 17.7 271, 302a, 317, 360a 595.1031 595.1442 4
11 19.3 271, 301a, 318 579.1090 579.1503 1
aShoulder. bRecorded at 338 ( 20 nm without taken into account the different molar absorptivity values of individual flavonoids.
Figure 2. Structures of apigenin 6-C-β-chinovopyranosyl-8-C-β-galactopyranoside (6) and apigenin 6-C-β-xylopyranosyl-8-C-(600 0-O-(3-hydroxy-3-methyl-
glutaroyl)-β-glucopyranoside) (7) isolated from fenugreek seeds.
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1D 13C CAPT) were obtained at 600.13 and 150.90 MHz for 1H and 13C,
respectively, on a Bruker Biospin AV-600MHz instrument equipped with
a TCI 1H-13C/15N CryoProbe. All experiments were recorded at 298K
and the chemical shift values were set relative to the deuterio-methyl 13C
signal and the residual 1H signal of the solvent ((CD3)2SO) at δ 39.6 and δ
2.49, respectively. Crosspeaks in the 1H-13C HMBC spectra of particular
importance for structure elucidation of 6 and 7 were observed at δ 6.76/
163.8 (H-3/C-2), δ 6.76/182.5 (H-3/C-4), δ 6.76/102.9 (H-3/C-10), δ 6.76/
121.2 (H-3/C-10), δ 4.61/159.8 (H-10 0/C-5), δ 4.61/161.0 (H-10 0/C-7), δ
1.13/75.5 (H-60 0/C-40 0), δ 1.13/76.1 (H-60 0/C-50 0), δ 4.97/161.0 (H-10 0 0/C-7),
and δ 4.97/153.5 (H-10 0 0/C-9) for 6, and at δ 6.81/163.9 (H-3/C-2), δ 6.81/
182.4 (H-3/C-4), δ 6.81/104.1 (H-3/C-10), δ 6.81/121.6 (H-3/C-10), δ 4.65/
159.3 (H-10 0/C-5), δ 4.65/160.8 (H-10 0/C-7), δ 4.77/160.8 (H-10 0 0/C-7),
δ 4.77/155.2 (H-10 0 0/C-9), δ 4.39/170.7 (H-6A0 0 0/C-10 0 0 0), δ 3.99/170.7 (H-
6B0 0 0/C-10 0 0 0), δ 2.61/170.7 (H-2A0 0 0 0/C-10 0 0 0), δ 2.61/68.9 (H-2A0 0 0 0/
C-30 0 0 0), δ 2.61/45.2 (H-2A0 0 0 0/C-40 0 0 0), δ 2.43/45.0 (H-4A0 0 0 0/C-20 0 0 0), δ 2.43/
172.4 (H-4A0 0 0 0/C-50 0 0 0) and δ 1.14/68.9 (CH30 0 0 0/C-30 0 0 0) for 7, respectively.
High-resolution LC-electrospray mass spectrometry (ESIþ/TOF) spec-
tra were recorded using a JEOL AccuTOF JMS-T100LC in combination
with anAgilentTechnologies 1200SeriesHPLCsystem.AZorbaxSB-C18
(50 mm  2.1 mm, length  i.d., 1.8 μm) column was utilized for separa-
tion using the same two solvents, A and B, as in Analytical HPLC:
0-1 min 5%B (isocratic), 1-3 min 5 to 13%B (linear gradient), 3-6 min
13%B (isocratic), 6-8 min 13 to 30%B (linear gradient), 8-14 min 30 to
40% B (linear gradient). The flow rate was 0.4 mL min-1.
RESULTS AND DISCUSSION
Identification of Flavones. The HPLC profile of the metha-
nolic crude extract of fenugreek showed two major and several
minor flavonoids (Figure 1). The methanolic extract of the
seeds of fenugreek was purified by partition against diethyl
ether followed by Amberlite XAD-7 column chromatography.
The flavonoids in the purified extract were fractionated by
Sephadex LH-20 and Toyopearl HW-40F column chromato-
graphy. Compounds 2 and 6-7 were obtained after further
purifications using preparative HPLC.
Compounds 1, 3-5, and 8-11 were identified as the known
compounds apigenin 6,8-di-C-β-galactopyranoside (1), apigenin
6-C-β-arabinopyranosyl-8-C-β-galactopyranoside (3), luteolin
8-C-β-glucopyranoside (4), luteolin 6-C-β-glucopyranoside (5),
apigenin 8-C-β-glucopyranoside (8), apigenin 6-C-β-glucopyrano-
side (9), luteolin 8-C-(20 0-O-(E)-p-coumaroyl)-β-glucopyranoside
(10), and apigenin 8-C-(20 0-O-(E)-p-coumaroyl)-β-glucopyrano-
side (11), respectively, by NMR, UV-vis spectroscopy and high-
resolution electrospray MS (Tables 1-3).
The 1D 1H NMR spectrum of 7 showed a 4HAA’XX’ system
at δ 7.96 (semidoublet, J= 8.9 Hz; H-20/60) and δ 6.92 (H-30/50),
and a 1H singlet at δ 6.84 (H-3) in the aromatic region in
accordance with a 6,8-di-C-substituted apigenin derivative. The
13 13C resonances belonging to the aglycone in the 1D 13C CAPT
spectrum of 7 were assigned by the observed crosspeaks in the
HMBC spectrum. The sugar regions of the 1D 1H and 1D 13C
CAPT spectra of 7 showed the presence of one glucose unit and
one xylose unit (Tables 2 and 3). All the 1H sugar resonances were
assigned by COSY and TOCSY experiments, and the corre-
sponding 13C resonances were then assigned by the 1H-13C
HSQC experiment. The anomeric coupling constants (9.9 and
9.8Hz, respectively) and the 11 13C resonances in the sugar region
of the 13C CAPT spectrum of 7were in accordance with oneC-β-
glucopyranosyl unit and one C-β-xylopyranosyl unit (17). The
downfield shifts ofH-6A0 0 0 (δ 4.39) andH-6B0 00 (δ 3.99) belonging
to the glucose unit indicated the presence of acyl substitution. The
acyl moiety was identified as 3-hydroxy-3-methylglutaroyl by the
two 2H doublets at δ 2.61 and δ 2.57 (J= 14.5 Hz; H-2A00 0 0,
H-2B0 00 0) and δ 2.43 and δ 2.36 (J=14.8 Hz; H-4A0 0 00, H-4B0 00 0),
respectively, in the 1D 1H NMR spectrum (assigned by the 2D
COSY spectrum), a 3H singlet (3-methyl) at δ 1.14 correlated to aTa
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Table 3. 13C Spectral Data (ppm) for 1-11 Dissolved in DMSO-d6 at 25 Ca
1
Ma, 77%
Mi, 23%
2
Ma, 77%
Mi, 23%
3
Ma, 63%
Mi, 37%
4
Ma, 77%
Mi, 23%
5
Ma, 100%
6
Ma, 63%
Mi, 37%
7
Ma, 59%
Mi, 41%
8
Ma, 77%
Mi, 23%
9
Ma, 100%
10
Ma, 83%
Mi, 17%
11
Ma, 83%
Mi, 17%
2 164.3 163.7 164.3 164.2 163.8 163.8 163.91 164.0 163.5 164.2 164.1
163.5 164.1 163.6 163.7 163.8 163.7 163.5
3 101.9 102. 4 101. 9 102.4 102.9 102.4 102.74 102. 4 102.5 102.3 102.3
102.5 101.9 102.5 102.5 102.7 102.1
4 182.3 182.5 182.3 182.1 181.9 182.5 182.4 182.1 182.0 182.0 182.1
182.2 182.2 182.4 182.2 182.3 182.9 181.7 182.0
5 158.0 159.9 158.4 160.5 160.8 159.8 159.33 160.4 160.9 160.7 160.7
159.3 158.8 160.2 160.7 161.0
6 108.0 109.3 107.8 98.3 108.9 109.1 108.13 98.0 108.9 97.5 97.5
108.0 107.3 109.2 99.3 99.3
7 160.9 162.2 161.0 162.6 163.3 161.0 160.82 162.6 163.3 162.1 162.1
160.8 161.0 160.4 161.1 163.0 163.3
8 105.1 103.8 105.4 104.6 93.6 103.7 104.80 104.6 93.5 102.4 102.5
103.6 105.2 104.5 105.0 102.7 104.1 102.1
9 155.0 153.5 155.2 156.1 156.3 153.5 155.16 156.1 156.2 156.5 156.5
153.3 155.4 155.2 154.9 153.9 155.5 154.5
10 103.5 103.0 103.8 104.1 103.5 102.9 104.14 104.0 103.5 104.0 104.0
103.1 104.2 103.1 103.4 103.3 103.7 103.1
10 120.9 121.4 121.1 121.1 121.5 121.2 121.56 121.7 121.2 122.1 121.7
121.2 121.5 121.3 121.3 121.42 121.4 121.5
20 129.7 128.6 129.8 114.0 113.3 128.6 128.74 129.1 128.6 113.9 128.8
128.7 129.6 128.8 129.6 128.82 129.0 113.1
30 115.9 115.9 116.0 146.0 145.8 115.8 116.00 115.7 115.9 145.9 115.7
116.0 115.8 116.06 146.0
40 161.1 161.3 161.3 149.7 149.7 161.0 161.34 161.2 161.3 149.7 161.3
161.2 161.2 161.2 161.3 161.4 150.2
50 115.9 115.9 116.0 115.6 115.9 115.8 116.00 115.7 115.9 115.5 115.7
116.0 115.8 116.06 116.0
60 129.7 128.6 129.8 119.3 118.9 128.6 128.74 129.1 128.6 119.3 128.8
128.7 129.6 128.8 129.6 128.82 129.0 119.0
6-C-gal 6-C-xyl 6-C-ara 6-C-glc 6-C-chin 6-C-xyl 6-C-glc 8-C-glc 8-C-glc
10 0 73.7 73.6 73.9 73.2 72.8 74.96 72.9 70.9 70.9
74.8 73.7 74.2 74.0 74.12 71.8
20 0 69.7 69.7 68.4 70.2 69.9 71.43 70.1 72.0 72.0
71.2 67.7 70.9 70.6 71.32 72.5 72.5
30 0 74.4 79.2 73.7 78.9 78.9 78.56 78.8 75.6 75.7
80.9 74.5 78.4 77.7 78.56 75.3 75.3
40 0 68.4 69.9 68.3 70.5 75.5 69.61 70.5 70.6 70.4
70.0 74.9 69.86 69.9 69.8
50 0 79.9 70.2 70.0 81.5 76.1 70.40 81.5 82.0 81.9
70.2 76.6 70.42 81.4 81.3
60 0 60.8 61.4 18.4 61.3 61.2 60.8
60.9 17.9 60.6 61.2
8-C-gal 8-C-gal 8-C-gal 8-C-glc 8-C-gal 8-C-glc 8-C-glc
10 0 0 73.7 74.8 73.9 73.5 74.8 73.79 73.2
74.9 74.1 74.7 74.2 73.9 75.19 74.2
20 0 0 68.1 69.9 69.9 70.7 69.9 70.81 70.7
68.5 68.2 68.2 70.9 67.9 71.27 70.8
30 0 0 75.7 74.1 75.6 78.7 74.1 78.60 78.5
74. 3 77.6 74.9 78.4 75.5 78.73
40 0 0 69.2 68.3 69.1 70.6 68.3 70.84 70.4
69. 7 69.1 70.0 69.0 69.87 69.9
50 0 0 80.6 79.3 80.5 81.9 79.3 78.48 81.7
79.1 79.2 79.5 81.5 80.5 78.7 81.5
60 0 0 61.3 60.7 61.1 61.6 60.7 64.25 61.2
60.9 60.8 60.9 60.9 63.60 61.3
acyl 60 0 0-O-3-Me-glutaroyl 20 0-O-p-coumaroyl
10 0 0 0 (CdO) 170.7 10 0 0 125.1 125.1
170.5 124.7
20 0 0 0 45.25 20 0 0,60 0 0 130.1 130.0
44.96 130.4
30 0 0 0 68.93 30 0 0,50 0 0 115.5 115.5
69.03 115.4
40 0 0 0 45.15 40 0 0 159.8 159.8
45.48 159.7
50 0 0 0 CdO) 172.4 70 0 0 (β) 144.1 144.1
172.1 143.5
CH3 27.12 8
0 0 0 (R) 113.8 113.7
27.20 113.7
90 0 0 (CdO) 165.5 165.5
164.8
aMa and Mi denote the major and minor rotamer of each flavone, respectively. gal = galactoside; xyl = xyloside; ara = arabioside; glc = glucoside; chin = chinovoside.
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13C signal at δ 27.12 (3-methyl) in the 2D HSQC spectrum,
the five 13C signals at δ 170.7 (C-10 0 00), δ 45.25 (C-200 0 0), δ 68.93
(C-300 0 0), δ 45.15 (C-40 0 00), and δ 172.4 (C-50 00 0) in the 1D 13C
CAPT spectrum, and the crosspeaks in the 2DHMBC spectrum.
The linkages between the aglycone, sugar units and 3-hydroxy-3-
methylglutaroyl were determined by the long-range correlations
in the 2D HMBC spectrum. A molecular ion at m/z 709.1955 in
the high resolution ESI-MS spectrum, confirmed the identity of
7 to be the novel compound apigenin 6-C-β-xylopyranosyl-8-
C-(600 0-O-(3-hydroxy-3-methylglutaroyl)-β-glucopyranoside) (7)
(Figure 2).
The 1H and 13C resonances of pigment 2 shared many
similarities with the corresponding resonances of 7 (Tables 2
and 3), in accordance with a 6,8-di-C-substituted apigenin
derivative. The coupling constants and the chemical shift
values for the 8-C-glycosyl unit were in agreement with
a nonacylated galactopyranosyl. A molecular ion at m/z
565.1546 in the high resolution ESI-MS spectrum, confirmed
the identity of 2 to be apigenin 6-C-β-xylopyranosyl-8-C-β-
galactopyranoside) (2). This compound has previously been
reported in two patents to occur in tubers of Pinellia ternata
and fenugreek seeds, respectively (18 , 19 ). Similarly, the
NMR spectra of 6 partly resembled those of 2 (Tables 2
and 3), in accordance with a 6,8-di-C-substituted apigenin
derivative. The linkages between the C-glycosyls and the
aglycone were determined by the 2D 1H-13C HMBC spec-
trum. On the basis of the 13C and 1H chemical shift values,
in addition to the observed 1H coupling constants (Tables 2
and 3) the glycosyl unit attached to the 8-position of the
aglycone was identified as β-galactopyranose. The 1H and
13C chemical shift values of the glycosyl unit attached to the
6-position of the aglycone was in accordance to a deoxyhexose
(Tables 2 and 3). This sugar unit was identified as β-chinovopyra-
nose by the large axial-axial coupling constants observed
for JH1-H2 (9.8 Hz), JH3-H4 (9.1 Hz), and JH4-H5 (9.1 Hz) which
revealed that all the ring protons of this unit were in axial posi-
tions, in agreement with earlier reported values for this glycosyl
moiety (20). A molecular ion at m/z 579.17025 in the high
resolution ESI-MS spectrum confirmed the identity of 6 to be
the novel compound, apigenin 6-C-β-chinovopyranosyl-8-C-β-
galactopyranoside (Figure 2). Signal duplication in the NMR
spectra of 6 revealed the presence of rotameric conformers,
created by rotational hindrance at the C (sp3)-C (sp2) glycosyl-
flavone linkage in these flavone C-glycosides. On the basis of
integration of signals in the 1D 1H NMR spectrum the relative
proportions of the major and minor rotamers of 6 were deter-
mined to be 70:30. Only a very limited number of natural pro-
ducts containing a chinovosyl unit have hitherto been reported,
including three flavone C-glycosides (20-23).
Relative Proportions. The relative proportions of the flavones
1-11 in the acidified methanolic extract of seeds of fenugreek are
presented in Table 1, without taking into account the different
molar absorptivity values of individual flavonoids.The threemajor
flavones apigenin 6,8-di-C-β-galactopyranoside (1), apigenin 6-C-
β-xylopyranosyl-8-C-β-galactopyranoside (2), and luteolin 8-C-β-
glucopyranoside (4) constitute together 51% of the total flavonoid
content.
ACKNOWLEDGMENT
The authors are grateful to Mrs. Amnah and Ayshah
Hamad for providing the original plant material, Mrs. Noha
Rayyan for replanting some of the seed for the identification
of the plant, Professor Dag Olav Øvstedal (Department of
Biology, University of Bergen) for identification of the plant,
Dr. Ørjan Bjorøy and Mr. Terje Lygre (Department of Chemis-
try, University of Bergen) for the high resolution electrospray
mass spectra.
LITERATURE CITED
(1) Yoshikawa, M.; Murakami, T.; Komatsu, H.; Murakami, N.;
Yamahara, J.; Matsuda, H. Medicinal foodstuffs. IV. Fenugreek
seed. (1) Structures of trigoneosides Ia, Ib, IIa, IIb, IIIa, and IIIb,
new furostanol saponins from the seeds of Indian Trigonella foenum-
graecum L. Chem. Pharm. Bull. 1997, 45, 81–87.
(2) Sharma, R. D. Effect of fenugreek seeds and leaves on blood glucose
and serum insulin responses in human subjects. Nutr. Res. (N.Y.)
1986, 6, 1353–1364.
(3) Han, Y.; Nishibe, S.; Noguchi, Y.; Jin, Z. Flavonol glycosides from
the stems of Trigonella foenum-graecum. Phytochemistry 2001, 58,
577–580.
(4) Gupta, R.; Nair, S. Antioxidant flavonoids in common Indian diet.
South Asian J. Prevent. Cardiol. 1999, 3, 83–94.
(5) Kaviarasan, S.; Sundarapandiyan, R.; Anuradha, C. V. Protective
action of fenugreek (Trigonella foenum graecum) seed polyphenols
against alcohol-induced protein and lipid damage in rat liver.
Cell Biol. Toxicol. 2008, 24, 391–400.
(6) Kaviarasan, S.; Vijayalakshmi, K.; Anuradha, C. V. Polyphenol-rich
extract of fenugreek seeds protect erythrocytes from oxidative
damage. Plant Food Hum. Nutr. 2004, 59, 143–147.
(7) Adamska, M.; Lutomski, J. C-Glucosylflavones in seeds of Trigo-
nella foenum graecum. Planta Med. 1971, 20, 224–229.
(8) Seshadri, T. R.; Sood, A. R.; Varshney, I. P. Glycoflavones from
seeds of Trigonella corniculata Linn - Isolation of 6,8-di-C-beta-D-
glucopyranosylacacetin and its monoacetate. Indian J. Chem. 1972,
10, 26–28.
(9) Seshadri, T. R.; Varshney, I. P.; Sood, A.R. Study of glycosides from
Trigonella corniculata Linn. and T. foenum-graecum Linn. Seeds.
Curr. Sci. India 1973, 42, 421–422.
(10) Wagner, H.; Iyengar,M.A.; H€orhammer, L. Vicenin-1 and-2 in the
seeds of Trigonella foenumgraecum. Phytochemistry 1973, 12, 2548.
(11) Sood, A. R.; Boutard, B.; Chadenson,M.; Chopin, J.; Lebreton, P. A
new flavone C-glycoside from Trigonella foenum graecum. Phyto-
chemistry 1976, 15, 351–352.
(12) Kawashty, S. A.; Aballa,M. F.; Gamal ElDin, E.M; Saleh, N.A.M.
The chemosystematics of EgyptianTrigonella species.Biochem. Syst.
Ecol. 1998, 26, 851–856.
(13) Yuldashev, M. P. Flavonoids of the aerial part of Trigonella grandi-
flora. Chem. Nat. Compd. 2002, 38, 291–292.
(14) Rayyan, S.; Fossen, T.; Nateland, H. S.; Andersen, Ø. M. Isolation
and identification of flavonoids, including flavone rotamers, from
the herbal drug ‘Crataegi Folium Cum Flore’ (Hawthorn). Phyto-
chem. Anal. 2005, 16, 334–341.
(15) Jay, M.; Viricel, M. R.; Gonnet, J. F. C-glycosylflavonoids. In
Flavonoids: Chemistry, Biochemistry and Applications; Andersen, Ø. M.,
Markham, K. R., Eds.; CRC Press, Taylor and Francis Group: Boca Raton,
FL, 2006; pp 471-551.
(16) Bjorøy, Ø.; Rayyan, S.; Fossen, T.; Andersen, Ø. M. Structural
properties of anthocyanins: Rearrangement of C-glycosyl-3-deoxy-
anthocyanidins in acidic aqueous solutions. J. Agric. Food Chem.
2009, 57, 6668–6677.
(17) Fossen, T.; Andersen, Ø. M. Spectroscopic Techniques Applied to
Flavonoids. In Flavonoids: Chemistry, Biochemistry and Applica-
tions; Andersen, Ø. M., Markham, K. R., Eds.; CRC Press, Taylor and
Francis Group: Boca Raton, FL, 2006; pp 37-142.
(18) Nishimura, H.; Kubo, M.; Takeda, H.; Chin, M. Flavone C-glyco-
sides for treatment of diseased associated with diabetes. Jpn. Kokai
Tokkyo Koho 1992. Application: JP 90-165697 19900626.
(19) Shan, J.; Ren, J.; Zhao, Y. Apigenin derivatives and its application
in treating diabetes mellitus and complication. Faming Zhuanli
Shenqing Gongkai Shuomingshu. Application: CN 2006-10081455
20060519, 2007
(20) Mareck, U.; Herrmann, K.; Galensa, R.; Wray, V. The 6-C-chinovo-
side and 6-C-fucoside of luteolin from Passiflora edulis. Phytochemis-
try 1991, 30, 3486–3487.
Article J. Agric. Food Chem., Vol. 58, No. 12, 2010 7217
(21) Piacente, S.; Camargo, E. E. S.; Zampelli, A.; Gracioso, J. S.; Brito,
A. R. S.; Pizza, C.; Vilegas, W. Flavonoids and arbutin fromTurnera
diffusa. Z. Naturforsch. C. 2002, 57, 983–985.
(22) Tovar-Gijon, C. E.; Hernandez-Carlos, B.; Burgueno-Tapia, E.;
Cedillo-Portugal, E.; Joseph-Nathan, P. A new C-glycosylflavone
from Encyclia michuacana. J. Mol. Struct. 2006, 783, 96–100.
(23) Bhattacharyya, J.; Pires, M.; de, F.; de, O.; Felix, L. P.; Silva,
T. M. S.; Majetich, G. F. Isolation and characterization of the
’flavonoid crystals’ of three species of Prosthechea: Chemotaxo-
nomic considerations of the genera Prosthechea and Encyclia. Nat.
Prod. Commun. 2007, 2, 755–758.
Received for reviewMarch 2, 2010. Revised manuscript receivedMay 2,
2010.AcceptedMay 7, 2010. The authors are grateful toTheNorwegian
Research Council (NFR) for financial support.
